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ABSTRACT

Selective and effective extraction-separation of U(VI) and

Pu (IV) from aqueous nitric acid media by several crown

ethers have been investigated in detail. The critical study

of various parametres namely aqueous phase acidity, reagent

concentration, diluent, period of equilibration, aqueous to

organic phase ratio, strippant and diverse ions, have

established the conditions for their optimum extraction.

Influence of the introduction of sulfur into a crown

ether ring forming a mixed sulfur-oxygen containing

macrohetrocycle for improved extraction of actinides is

also studied. The species extracted appear to be of ion-pair

type, UOJ(CE)2*.2NO3- and PU(CE)*<+.4N0»- formed with U(VI)

and Pu(IV), respectively. The apparent extraction

equilibrium constant, log K»«, into toluene by DC18C6 with

U(VI) is 0.44 and 4.44 for Pu(IV). Recovery of actinide

from loaded macrocycles is easily accomplished using dilute

oxalic acid, perchloric acid, sulphurio acid or sodium

carbonate as the strlppanta. The lack of interference from

even appreciable amounts of possible fission product

contaminants is a notable feature of this separation

procedure. In addition, changes to the extraction behaviour

of U(VI) and Pu(IV) nitrates with T-irradiated DC18C6 In

toluene have also been investigated. Under identical

conditions. the effect of radiation damage to DC18C6 as

assessed by extraction at excessively higher doses (70



Mrads), while no deterioration in its performance was noted

particularly at lower doses. Possible reasons for such

variation in behaviour are discussed.



INTRODUCTION

Macrocyclic polydentate crown compounds have drawn

maximum attention so far primarily owing to their profound

complexing ability. The discovery of neutral, ion-selective

polyethers, commonly termed as "crown ethers" (CE), has led

to numerous studies in which these compounds find potential

analytical and pharmaceutical applications. Macrocycles ar©

cyclic or polycyclic organic molecules containing various

hetero atoms forming electron-rich interior cavities

enabling them to complex ions or molecules via ion-dlpole or

dipole-dipole interactions. Furthermore, the hydrophobia

exterior of these compounds helps in solubilizing the

complexed ions in organic solvents. These properties of

macroheterocycles allow their use as highly selective

extractants for metal cations.

The crown compounds differ in type and number of ion

binding sites and thus generally exhibit different

affinities for a given ion. However, these with repetitive

ethylenoxy units, first prepared and investigated by C.J.

Pedersen (U.S.A) (1) in the last decade, have gained

considerable importance as ligands which can form fairly

stable, well defined complexes with a number of cations. In

1987, (considering his outstanding work with CE) he was

awarded Noble prize in chemistry sharing with two more

recipients namely Donald Cram (U.S.A) , and Jean-Marie Lehn

(France). These compounds sometimes contain 9-60 atoas
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including 3-20 oxygen atoms in th« marco ring. Mor<aov«r«

CE's containing different hetero atoms such as sulfur,

nitrogen, phosphorous or combination of all these atoms in

CE structure have also been synthesized by now. The

complexation is said to be electrostatic, ion-dipole or

dipole-dipole type between the metal ion sitting in the

cavity of the ring and the hetero atoms surrounding the

same. In many cases, the complexation has been shown to be

fairly selective for a particular cation (2-3). However,

applications of these compounds have been confined till now

mostly to alkali and alkaline earth metals. Little work has

been reported both with d block and f block cations

(lanthanides and actinides). Wang Wenji et.al. (4)

extracted only tracer amounts of actinides and some other,

radioactive nuclides from aqueous picric acid solution into

chloroform by some analoguous macrocycles. Yakshin and co-

workers(5) used CEs employing 1,2- dichloroethane as the

diluent. The analytical potentialities of CEs such as D018C6

and DC24C8 as metal extractants for actinides particularly

for U and Pu were investigated recently by Lohithakshan(6)

and others. The demerit of this study is that it uses

benzonitrile as the diluent for these macrocycles which it

is relatively more aqueous soluble and uncommon for

practical applications. Surprisingly, no systematic study

seemed to have been performed so far pertaining to the

extractional-separation of 0, Pu and americlum, the three

most important actinides, by the macrocycles employing

hydrophillc inorganic anions.
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The objective of the present work Is to Investigate

the usefulness of CEs in the solvent extraction separation

of actinides and their possible applications in liquid

membranes as carriers for actinides particularly for U and

Pu over a wide range of experimental conditions. Such data

are pre-requisites for the proper selection of an organic

extractant as an ionophore in cation permeation experiments.

This study deals with the extraction behaviour of three

commonly encountered radiotoxic actinides such as U, Pu, and

americium and their separations from usually associated

long-lived fission products such as Cs-137, Ce-144, Ru-106

etc. by CEs of varying cavity dimensions and derlvatizatlon

over a wide range of experimental conditions. The conditions

of various parametres like aqueous phase acidity, time of

equilibration, aqueous to organic phase ratios, influence of

CE structure, roacrocycle concentration, different water-

immiscible organic solvents, nature and type of strlppants

are optimized, Experiments have also been performed to

select a suitable organic diluent for extraction purposes.

On the basis of preliminary results, toluene is selected

for detailed investigations owing to its relatively loss

aqueous solubility, sufficient macrocycles solubility and

easy availability. Preliminary work has been dona to study

influence of gamma radiation on the extraction of U(VI) and

PutIV) by irradiated DC18C6 in toluene from acidic nitrate

solutions also is addtionally investigated.
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MATERIALS AND METHODS

All the chemicals used were of A.R or Q.R grade unless

specified otherwise. Analytical grade diluents, namely

benzene, bensonitrile, chloroform, o-dichlorobenzene, 1,2-

dichloroethane, dichloromethane, n-dodecane, solvesso-100,

xylene and toluene were obtained and used as such. The

organic phase and the aqueous acidic phase were saturated

with each other prior to their use in order to prevent any

volume change that may occur during extraction. Crown ethers

namely, mono benzo-15-crown-5 (MB15C5), mono cyclohexano-

15-crown-5 (MC15C5), dibenzo-18-crown-6

(DB18C6),dicyclohexano-18-crown-6 (DC18C6),dibenzo-24-crown-

8 (DB24C8) and 1,10-dithia-18-crown-6(DT18C6) were obtained

from Aldrich.U.S.A and used as such. Di-tert butyl benzo 7

21-crown-7 [D(tBB)21C7] was kindly gifted to B.A.R.C by

Prof. R.A.Bartsch, Texas Tech Univ.,(U.S.A.).

The structural formulae of the seven nacrocycles used

in the present study are shown in Fig. 1. Table 1

summarizes some physical data concerning the CEs studied

along with the estimates of their cavity radii. Most of the

aromatic macrocyclic polyethers are neutral , colourless

compounds with sharp melting points , and are sufficiently

insoluble in water and alcohol but fairly soluble in

aromatic solvents. The saturated crown compounds are

colourless , viscous liquids, or solids of low melting

points.



Tracers

Uranium-233 tracer was purified by solvent

extraction method employing TBP as extractant and its

radiochemical purity ascertained by Alpha Spectrometry. Pu

used for the extraction studies contained Pu-239 as major

isotopic constituent.Plutonium was purified by absorption

from about 7-8M nitric acid solution on Dowex 1x4 anlon

exchange re3in (7) and finally eluting with 0.35 M nitric

acid solution. Plutonium thus eluted was then finally

purified by precipitating as peroxide and dissolving' in

dilute nitric acid. Tracer Pu <ca. 2M HNO3) for each

experiment was taken from this stock and adjusted to

tetravalent state by the addition of sodium nitrite (ca.

0.03M) in presence of about 0.005H NH4VO3 as the holding

oxidant. The radiochemical purity of thus separated Pu was

ascertained by alpha spectrometry. A Pu(III) solution was

prepared by adding approximately 0.05M hydroxyl amine

hydrochloride or 0.05M ascorbic acid. Pu(VI) was obtained bjr

oxidation with about (0.01M solid AgO + sodium

bromate(0.01M). Ce3ium-137, Ru-105 and Ce-144 (carrier-

free) tracers were obtained from Isotope Division, BARC in

the form of a dilute hydrochloric acid solution. Each

solution was evaporated to dryness and was fumed with cone.

HNOs twice and converted into nitrate form. All the fission

products were finally stored in 1M HNO». Purity of these

tracers was always ascertained by suitable radiochenical

and spectroscopic methods.
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Counting Method

For the distribution ratio(DM) measurements, •

scintillation counter was used [detector ZnS(Ag)] to

determine the concentration of the alpha emitting actinidea

in both aqueous and organic solutions by radiometry. The

purity and gamma activity of fission products (Cs -137 ,Ru-

106 and Ce-144) was determined by multichannel analyser

using HPQe (High Purity Germanium detector)coupled with

PC/XT .

Distribution Ratio (DM) Measurements

Equal volumes of 1 ml each of a radioactive tracer in

desired nitric acid molarity and a CE dissolved in an

organic diluent, were pipetted into a 15-ml glass-stoppered

equilibration tube and stirred mechanically for nearly 40

min. at room temperature(23-25 *C). Preliminary experiments

revealed that equilibrium was established in about 25-30

min. After settling for about half an hour, and centrifuging

if necessary, suitable aliquots from both the phases were

withdrawn for radioassay. Distribution ratio (DM) of the

metal ions defined was thus calculated.

total activity of a metal ion in the organic phase/ml

total activity of a metal ion in the aqueous phase/ml

From a knowledge of DM,volume of aqueous phase (Vw) and

volume of organic phase (Vo), the percentage of extraction

(XE) was then calculated.
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100 DM
%E -

DM+(VW/VO)

All the measurements were done at least in duplicate and the

agreement in DM values obtained was within ± 2% with food

material balance(>95%).

For studying the back extraction, suitable aliquot from

the loaded organic phase was withdrawn into an equilibration

tube, and subsequently back extracted for about 10 min with

similar volume of the strippant.

Radiolytic Degradation Measurements

Toluene solutions of DC18C6 in the concentration range 0.1

to 0.3M and pure toluene were separately pre-equilibrated

with 2M HNOs, centrifuged. The organic phases thus

separated were then gamma irradiated in presence of air to

various doses in a 2425-Ci Co-60 gamma irradiator (1.25 MeV-

T)at the dose rate of approximately 0.516 Mrads/h prior to

their use in extraction measurements. Experiments were

carried out in two-phase systems in which equilibrated

DC1BC6 in toluene and the aqueous nitric acid (Org/Aq =1)

were irradiated in contact with each other uder agitation.

Absorption Spectra

Absorption spectral measurements were done on a Shimadsu,

Model UV-160, UV-visible spectrophotometer. It uses grating

as a dispersive elements and has two interchangeable light

sources namely one halogen lamp deuterium lamp. The

detector is silicon photodiode. It is a precision

instrument with wavelength accuracy of ± 0.5 nm.
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R180LTB AMD DISCUSSION

Extraction Characteristics of Actinides by Macrocycles

Liquid-liquid extraction of actinido nitrates, vis

U(VI) and Pu(IV) into toluene by various CEs from moderately

aqueous nitric acid solutions was found to be fairly

selective and effective and generally attained equilibrium

within few minutes, which is in accord with an earlier

observation (4). Distribution ratios are quite high and

quantitative extraction is possible for both the actinides

under the optimum conditions. On the other hand,

several commonly associated contaminants like Ce-144, Cs-

137, Ru-106, etc. were poorly extracted under comparable

conditions. Yuko Haaegawa et al. have reported that the

extraction of europium(IIZ) with 15-crown-5, benzo-15-crown-

5, 18-crown-6 and DB18C6 are quite high employing picrate as

anion into chloroform(8). Moreover, synergistic extraction

of uranyl ion with acylpyrazolones and DC18C6 is also

reported by Nair et al.(9). Values of DM were seen to be

virtually independent of the initial metal concentration

employed (10-* to 10-*M), indicating the absence of

polynuclear species in the extraction systems. Values of DM

obtained by taking different metal ion activity initially

in either phase remained unaltered, thereby confirming the

reversibility of the extraction processes (10). As might be

expected, the order of extraction of the various oxidation

states paralleled their relative complex forming tendencies:

Pu(IV)> Pu(VI)> Pu(III): the latter being relatively
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inextractable. The tetravalent metals showed a predictable

Increase in extractabllity from U to Pu. Under identical

conditions, U(VI) nitrate was invariably found to be more

extractable than Pu(VI) nitrate by CEs.

Kinetic experiments showed that constant DM values were

attained after phase contact for nearly 25-30 min(Fig.2).

Thus the rate of actinide extractions by CEs is

comparatively slow;the equilibration time required for

quantitative extraction depended on the metal concentration,

the aqueous-organic phase volume ratios etc. A shaking tine

of 35-40 min. was thus found to be sufficient for

essentially quantitative recovery of metals from aqueous

nitrate solutions.

Influence of Aqueous Phase Acidity

The aqueous phase acidity reportedly has a significant

effect on. the extraction of actinides with CEs. To assess

the dependence of the extraction capacity on the aqueous

phase acidity, the extractability of IJO22 +, PuO22+, Pu*+,

Pu»*. Cs+, Ru»+, and Ce*+ from 0.5-8.0M HNOs media into

toluene by DC16C6 was systematically examined from

unbuffered nitrate solutions (Table 2).There was virtually

no extraction of any cation at aqueous phase acidity less

than 0.5M HNOs. With an increase in nitric acid molarity

in the aqueous phase, extraction of Pu(IV) first

increased,passed through a maximum at around 4 to SM, and

then decreased(Fig. 3). With enhanced macrocyclf

concentration to 0.2M .maximum extraction was accomplished
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at a slightly lower acidity of about 3-4M. Against this,Do

of U increased with increasing nitric acid molarity and then

practically remained unaltered in the region 5-8M. The

initial growth in the extraction is probably caused by the

salting out effect of nitric acid, the further increase in

the content of which proceeds to decrease the concentration

of free extractant as a result of co-extraction of nitric

acid. The decrease in DPU at higher acid molarities may also

be attributed to the formation of less extractable acido

complexes of the type HPu(N0s)5 and HzPu(NO3)e (11). No

detectable extraction of commonly associated long- lived

fission product contaminants like Cs-137,Ce-144,Rul06 took

place at any acidity.

Nature of the Species Extracted into the Organic Phase

The extractabiiity of U and Pu from 2M HNOa into toluene

by DC18C6 (0.01-0.5M), increased with increasing

extractant concentration. A 0.5 M CE solution extracted

more than 95% of either U(VI) or Pu(IV) in a single step.

In order to examine the nature of the various metal ion

species extracted by crown ether, dependence of DM on

extractant concentration was studied for U(VI) and Pu(IV)

keeping nitric acid concentration constant at 2M. Extraction

of these cations by CE can be represented by the reaction:

W»+«q + nNOa- + x CEor* =M(CE)x(N03)n or*

The extraction equilibrium constant, Kn, is given by

Kn = DM/[NO3-]»Q [CE]or* ...(1)

where the distribution ratio (DM) of an actinide is

DM =[M(CE)x(NOs)n]or</
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Taking logarithms on both side of the equation 1 and

rearranging, we get

log DM = logKn + nlog[N03~]•« + log CCE]or* ...(2)

As seen from Eq.(2), plot of log DM VS. log[CE]org should

be straight line with slope equal to x (the no. of

extractant molecules attached to the metal ion in the

organic phase) when.nitrate ion concentration in aqueous

phase is maintained constant. For brevity. Fig. 4 gives

such plots for both U(VI) and Pu(IV) on extraction with

DC18C6. Here slope of the plot is nearly +1 in case of U

which readily indicates the formation of the complexes with

1:1 metal to ligand ratios whereas the slope of +2 indicates

that Pu to reagent ratios in the extracted complexes is

1:2. The Pu compound extracted is evidently a cationlc

sandwich complex extracted as an ionic associate with

nitrate ions presumably of the type Pu(CE)z*+,4NOs- which is

in accord with conclusions drawn by several other workers on

the basis of earlier studies (4).

The extraction equilibrium constant, log Km*, values

for U(VI) and Pu(IV) with DC18C6 /toluene are thus computed

to be 0.44 and 4.44, respectively, which clearly explain the

relatively high extractabillty of Pu(IV) with CEs than O(VI)

under comparable conditions. The size of U02*+ion(d=2.5 A*)

is more than optimal and therefore the same does not

interact strongly with CEs.
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Influence of Coronands Structure

Preliminary experiments revealed that both the cavity

dimension of the macroring as well as the nature of

substituent in the CE skeleton considerably influenced the

act'.nide ion extractabi 1 ity. A sequence of extraction

ability of macrocycles investigated for UO2(NO3)a and

Pu(NO3)4 :

DC18C6 > MC15C5 > DB24C8 > DB18C6 > D(tBB)21C7

> MB15C5 > 1,10 DT18C6

is obtained (Table 3), even though the difference among

the last four is rather comparatively small. This sequence

is reasonable considering the attractive effect of phenyl

group and exclusive effect of cyclohexyl group on the

bonding ability of coordinative oxygens. In the 18C6

compounds, inductive effects from the dibenzo-substitutions

would be expected to reduce the electronegativity (basicity)

of four of the six oxygens and also such groups make the CE

more rigid and thus both these factors would possibly

account for their relatively poor extraction efficiencies. A

decreasing sequence among four di- and mono benzo

substituted CEs expectantly reflects the large attractive

effect of phenyl group which weakens along the enlargement

of the ring of the macrocycle. Using the ionic radii of the

Shanon and Prewitt (12), size of U(VI) (d=2.4 to 2.5 A®) is

almost the same as the 18C6 cavity (2.7 to 2.9 A0) while

Pu(IV) is well within the range (d=1.92 A®). Both U02*+ and

are larger than the cavity size of 15C5 and thus prove
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to be exceedingly poor as an extractant.

Highly lipophillc D(tBB)21C7 (VI), with a slightly

bigger cavity dimension than DC18C6) (III) possesses a tert-

butyl group substitution in each of the phenyl rings

attached to the CE skeleton. Extraction of both U(VI) and

Pu(IV) by D(tBB)21C7 from 0.5 - 8.0 M HN03 solutions was

almost negligible and thu3 its enhanced lipophiliclty showed

no improvement over the rest of the mono and dibenzo

analogues for extraction purposes. Likewise, extractability

of actinides with mixed donor sulphur-oxygen containing

macroheterocycle, DT18C6(V), was quite low as compared to

DC18C6(III). This is as expected, since an introduction of

'soft' sulphur atoms into a macrocyclic CE has decidedly

been shown to result in much poor affinity for 'hard'

actinides like Pu(IV), though there is not much difference

in the cavity sizes of both III and V compounds.

Consequently in this case, the size of the cavity is of

relatively minor importance, the main factor being the

affinity of the Pu** ion for the 'soft' sulphur atoms in the

macrocyclic ring. Evidently, cyclic polyoxathia- or

thiaethers should not prove good as extractants particularly

for class 'a' metals, eg. lanthanides, actinides etc.

Influence of Diluents

Extractability and selectivity for solvent extraction of

metals with CEs are greatly affected by the nature of

organic solvents. To elucidate the influence of several

aliphatic and aromatic organic solvents upon the efficacy of



actinide extraction by CEs, single-ion extractability of

O(VI) and Pu(IV) from 3M HNOs was investigated with DC18C6

dissolved in various organic solvents. Table 4 summarises

the data concerning effect of diluents on the extraction ni

only Pu(IV). As expected, their extraction efficiency was

found to be strongly dependent upon the nature of an organic

solvent.Non-polar diluents like n-dodecane,solvesso-100 and

xylene yielded poor extractions, but polari3able solvents

like benzene,toluene;polar ones like benaonitrile including

halogenated hydrocarbons solvents such as chloroform, 1,2-

dichloroethane, dichloromethane. and dichlorobenzene gave

remarkably high metal exctractions. Straight lines with

slope of nearly +1 and +2, obtained from plot of logDM Vs

log[CE]or£ for the last three diluents including toluene

investigated for only DC18C6, confirm that UO2Z+ and Fu< +

are extracted essentially as the 1:1 and 1:2 ion-pair,

respectively irrespective of the organic phase medium.

Toluene was, however, selected as the diluent throughout the

present study owing to its relative less aqueous solubility,

sufficient reagent solubility and easy availability.

Volume Ratio Studies

The amount of extractant required for the extraction

system depends on the ratio of organic to aqueous solutions.

In order to evaluate the optimum volume ratio of extractants

and aqueous solutions, study was carried out to assess if

large aqueous to organic ratios could be tolerated for the

successful extraction of Pu by the crown compounds under the
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optimum conditions. The results indicated that for aqueous

to organic ratios up to 10:1, Pu(IV) could be extracted at

>90% efficiency in a single step into toluene solutions of

0.2M DC18C6. Close to 80% of this cation was extracted at a

sufficiently large volume ratio of 20 to 1 under similar

conditions.

Extraction of Aa(III) and Fission Product Contaminants

The extraction of Am(III) by 0.5 M DC18C6 from varying

nitric acid concentrations under comparable conditions,

revealed that negligibly small extraction took place from

0.3 to 8M nitric acid media. On the other hand, extraction

of Am(III) is reported to be synergistlcly enhanced using

theonyl triflouroacetone mixed with DC16C6 in benzene (13)

Extractabllity of cerium,ruthenium and cesium from

different aqueous nitric acid concentrations into toluene

solutions of DC18C6 was examined in detail. From the data

summarized in Table 2, it is quite clear that these

fission product contaminants were poorly extracted (<10X)

in the entire acid range Investigated.

Back Extraction of Oraniua / Plutoniua

In any solvent extraction process it becomes almost

imperative to back extract or "strip" the metal extracted

from the loaded organic phase.Several aqueous solutions were

evaluated to determine their ability to strip both U and Pu

from loaded toluene solution of DC18C6. As the values of Do

and DPU are quite high for given extraction system from low
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to fairly high concentrations of nitric acid and so their

stripping becomes impractical with nitric acid solutions.

From Table 5 it can bo seen that atleast 1M perchloric

acid stripped U from organic phase almost quantitatively

(>93%)in a single contact. Other strippanta removing more

than 85% of U studied include oxalic acid (0.7M) and H2SO4

(2M). The results gi"en in Table 5 show that

strippant like oxalic acid (0.7M),sodium carbonate

(<0.5M),sulphuric acid (<1M) and perchloric acid (1M)

afforded almost complete stripping (>96%) of Pu in a single

equal volume contact.

Badiolysis and Hydrolysis of DC18C6/Toluene System

Experiments were performed to test if the extractant/

diluent system used in the processing of dilute radioactive

waste solutions is resistant to radiolysis and hydrolysis in

the presence of nitric acid. Distribution ratios of U(VI)

and Pu(IV) between hydrolytically or radiolytically degraded

DC18C6/toluene at varying acidities ranging from 1 to 8M

HNOs were determined to study the influence of T-radiation

on their extractability. As follows from Figs 5 and 6, a

slight decrease in distribution ratios of both U and Pu was

observed throughout for the macrocycle with irradiation

studied in the range 10-71 Mrad. Under otherwise identical

conditions, the effect of radiation damage to DC18C6 as

assessed by extraction was relatively more in the case of

Pu(IV),than that with U(VI) especially at higher dosesO 70

Mrads), though not much deterioration in its performance
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Was noted at lower doses (Table 6). Upto absorbed

radiation dosea of 46 Mrads, no appreciable change in the Do

of U(VI) between DC18C6/toluene and HNOs of varying acidity

was observed whereas Pu extraction was not affected at all

up to lower doses of 10 Mrads. Beyond this, there was

considerable decline in both Dii and DPU at 71 Mrads which

signified losses of U and Pu in extraction; these have

fallen to half and one tenth of the original values

respectively possibly owing to radiolytic damage of this

macrocyclic extractant.

Because several previous studies (14,15) have indicated

that CEs exhibit good resistance to radiolytic degradation,

the possibility that the observed changes in the U/Pu

distribution ratios were the result of degradation of the

diluent toluene, was examined. Accordingly, a 0.2M DC18C6

solution was prepared in toluene which had previously been

irradiated at absorbed doses of 71 Mrad3 and the

distribution ratios of both U(VI) and Pu(IV) determined at

varying acidities. The values thus determined were found to

lie between those observed for pristine diluent system and

that for irradiated (absorbed dose = 71 Mrads) 0.2M

DC18C6 in toluene (Table 6). Results thus prove that both

the extractant and the diluent were degraded by radiolysis.

In the absence of any comprehensive data other than DM

values, it can not be inferred specifically how irradiation

had affected the diluent. However, Spinks et.al (16) have

concluded that rupture of the CE ring and generation of

short chain hydrocarbons are likely processes during
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radiolytic degradation of CEs. Radiation effects on DC1BC6

have also been examined systematically at doses of 1.5

Mrads (17) and shown that hydrogen and ethylene are the

major products in radiolysis process just like simple

dioxane molecules. No evidence on the destruction and

dehydrogenation of DC18C6 in the studied interval of gamma

radiation doses (0-7 Mrad) could be obtained (16).

To examine the chemical stability of macrocycles, a

solution of 0.2M DC18C6/toluene was kept in contact with 2M

as well as 4M HNOs over a period of 2 months. It was

occasionally stirred and the organic phase separated after

about 8 weeks to asses the hydrolytic stability of DC18C6

/toluene system against aqueous nitric acid. No appreciable

decrease in the values of Du and DPU by thus treated

extractant was observed at varying acidities indicating

that hydrolytic damage should be of no serious consequence

for periods equivalent to many weeks. Absorption spectra of

both acid-saturated and anhydrous DC18C6/toluene solutions

also showed no significant variations.

It is important to note that the total absorbed dosea

employed in this study were well in excess of those expected

in processing actual low level waste solutions. Thus, as was

the case for hydrolysis, radiolytic degradation should have

no serious adverse impact on the extraction performance for

periods corresponding to days of continuous operations.

Separation of Actinides by Macrocyclic Crown Compounds

Wen-ji-Wang et.al. reported in their preliminary
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experiments that the separation factors of extracting U and

thorium with CEs in picric acid system, are 12.3 and 5.37

for DB18C6 and DC18C6 respectively (18). In their another

study, extraction of U(VI) with DC18C6 from aqueous

hydrochloric acid solution is effective and selective. In

0.1M CE-1,2 dichloromethane-6N HC1 system, the separation

factor U(VI)/ ThuV) exceeds 1000. The results can be taken

in separating U and thorium (19). Uranium(VI) was separated

from several elements such as thorium, eirconium, scandium.

yttrium, thallium and tin in complex mixtures by Khopkar et.

al. (20). The method was extended for analysis of U in

monaalte and rock samples.

CONCLUSIONS
#

It can now be concluded that the efficient extraction of

higher valent actinides by neutral alkylated CEs, is

definite pointer to the fact that the optimum extraction

capacity for U(VI) and Pu(IV) is possessed by the extractant

DC18C6 which may be of considerable interest for the

recovery and purification of these actinides. Moreover, when

electron donor substituents like cyclohexano are introduced

in basic CE skeleton, the extraction capacity is

substantially enhanced probably owing to impart of its

rigidity to the structure. On the otherhand, an

introduction of electronegative phenyl substituent (DB18C6),

drastically lowers the extraction efficiency. Selectivity of

metal extraction is proved to be influenced by both the

nature of the CE as well as the extraction solvent.



- 20 -

Moreover, the study which ifl carried out to understand

the behaviour of Irradiated DC18C6/toluene system revealed

that saturated macrooyclic compounds are extremely radiation

resistant for absorbed doses not exceeding 46 Mrads for

U(VI)-DC18C6-toluene and 10 Mrads for Pu(IV)-DClBC6-toluene

systems where level of radiation is considered to be excess

exposure for a extractant/solvent expected for a process.
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TABUE 1

Physical Properties and Cavity Dimensions of Used Haorooyolic

Compounds

Compound
number

I

II

III

IV

V

VI

VII

Crown Compound

Full
name

Monobenso
15~crown-5

Monocyclo-
hexano-15-
crown-5

Dicyclo-
hexano-18
crown-6

Dibenzo-
18-crown-6

1,10 Dithia
18-crown-6

DKtertbutyl
benzo)-21
-crown-7

Dlbenzo-24-
crown-8

Abbrev-
iated
name

MB15C6

MC15C5

DC18C6

DB18C8

DT18C6

D(tBB)21C7

DB24C8

Formula
weight

268.3

274.4

372.5

360.4

296.3

516.0

448.5

Cavity
diameter* .

CPK*

1.7-1.9

1.7-1.9

2.7-2.9

2.7-2.9

2.6-2.8

3.4-3.9

4.6-4.8

(A©)

FHTe

2.2

2.2

3.2

3.2

4.8

a, J.J. Christensen, J.O.Hill and R.M. Izatt, Science, 174.

459(1971).

b, Estimated following Corey-Paullng-Koltun (CPK) space filling
molecular models.

c, Estimated following Fischer-Hirschfelder-Taylor (FHT) Models.
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TABLE 2

Extraction of Metal Ions into Toluene by DC18C6 as a Function of

Nitric Acid Concentration

Nit]
acic
(M)

0.5

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

ND

a,

b,

ric
I 0(71)*

0.02

0.03

0.35

1.44

3.32

6.84

8.87

18.87

12.78

, Not determined

CDC18C6] =0.5H

CDC18C6] =0.05M

Pu(I7)b

0.03

0.04

0.05

0.89

4.19

12.49

1.53

0.74

0.60

Distribution

Pu(VI)«>

0.02

0.03

0.04

0.08

0.18

0.32

0.46

0.71

0.64

ratio

Pu(III)

<0.01

<0.01

<0.03

0.18

0.27

0.36

0.52

0.25

0.20

, DM

t> Ce(IV)*

<0.01

<0.01

0.02

0.03

0.02

<0.02

ND

0.02

0.01

Mill).

<0.01

<0.01

0.02

0.01

ND

0.02

0.02

0.01

0.01

C=(I).

<0.01

<0.01

ND

0.01

0.01

0.02

0.01

ND

0.01
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TABLE 3

Extraction of PlutoniuM(IV) Into Toluene By Various

Crown Compounds

Initial aqueous phase acidity : 4M HNO3

Volume ratio ( org/aq) : 1

Extractant concentration : 0.06M

Crown
compound

Pu(IV)

DPU

0.01

0.01

4.10

0.03

0.02

0.03

0.05

%E

0 . 9

1.0

80.7

2 .9

2 .4

2.7

4 .4

MB15C5

MC15C5

DC18C6

DB16C6

DT16C6

D(tBB)21C7

DB24C8
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TABLE 4

Influence of Hater-Iaalsclble Diluents on the Extraction of

Pu(IV) fro« Nitric Add by DC18C6

Initial aqueous phase acidity : 3M HNOs

Volume ratio ( org/aq)' : 1

Extractant concentration : 0.2M DC18C6

Diluent

Benzene

Benson!trlie

Chloroform

O-Dlohlorobenaene

1,2-Dlchloroethane

Dichloromethane

n-Dodecane

Solvesso-100

Toluene

Xylan©

Dielectric
constant

2.3

25.2

5.1

7.5

10.4

9.1

2.0

2.4

2.4

DPU

14.87

48.41

6.92

18.04

17.78

17.93

Poor

0.20

64.28

0.72

%E

93.7

98.0

87.4

94.8

94.7

84-.7

Nog*

16.7

98.5

41.9

a , Negligible



-28 -

TABU 5

Back Extraction (Stripping) of U(VI) and Pu(IV) Fro«

Loaded Crown Kther Phase

Extractant : 0.05M DC18C6/ toluene

Strippant*

HNO$ (0.3)

NH2OH.HC1 (0.3)

Ascorbic acid (0.3)

HC1 (0.5)

HC1 (2)

Oxalic acld(2.0)

Oxalic acidM1.0)

HH2OH.HClb(0.05)

Acetic acid (2.0)

N«2COM0.5)

HsSO-t (2.0)

HC1O4(1.0)

0

1,

0

0.

Oraniua

Do

—

—

.12

.20

.13

04

Back Extd
(%)

—

—

—

—

—

—

39.30

—

—

45.50

88.5

96.2

Plutonium

* DPU

11.92

0.15

4.82

7.8

0.50

Nego

0.01

1.94

1.42

Negc

Uegr-

0.01

Back extd
(%>

7.7

87.0

17.18

11.37

66.70

>99.0

>99.0

>34.0

41.3

>99.0

>99.0

>99.0

a, Aqueous solutions of strippants were made by directly weighing
or measuring the volumes approximately; concentrations are
given in brackets .

b, Dissolved in ca.0.35M HNOs
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Table 6

Changes to Distribution Ratio of Oraniua(VI) and Plutonlum(IV)
through Irradiation of DC18C6 in Toluene as a Function of
Absorbed Gamma Dose

Organic phase : 0.2M DC18C6/toluene

Nitric
acid,

(M)

1

2

2.5

3

3.5

4

5

6

7

8

Volume ratio
(org/aq)

Blank

(No irrad-
iation)

Du

0.01

0.11

0.15

0.21

0.25

0.31

0.40

0.47

0.50

0.44

DPU

0.03

0.80

17.50

64.28

25.53

5.84

4.68

3.72

ND

ND

: 1:1

Distribution ratio (DM

Absorbed

10,3

(24.8
Wh/1)

Du

0.01

0.03

0.12

0.20

0.15

0.29

0.38

0.45

0.48

0.42

DPU

0.02

0.70

12.23

52.82

20.12

4.79

3.97

2.91

ND

ND

dose,

46.4

(111.
Wh/1)

Du

0.01

0.06

0.11

0.17

0.20

0.25

0.32

0.40

0.39

0.36

Mrads

7

DPU

0.01

0.14

8.23

16.65

10.13

1.92

1.00

0.56

ND

ND

)

71.2

(171
Wh/1

Du

0.01

0.04

0.08

0.12

0.14

0.19

0.28

0.30

0.32

0.29

.4

DPU

0.01

0.02

3.12

6.42

4.12

0.73

0.17

0.10

ND

ND

(171.4
Wh/1)

Du

0.01

0.05

0.11

0.16

0.19

0.23

0.31

0.35

0.38

0.33

DPu

0.01

0.11

4.80

15.2

3-8

0.92

0.35

0.26

ND

ND

ND, Not determined

a, 0.2 M DC18C6 prepared in irradiated toluene (71 Mrads).
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